Introduction
Despite declines in age-adjusted mortality rates, cardiovascular disease (CVD) remains the leading cause of death worldwide. For the year 2016, the Global Burden of Disease Collaborators estimated that 17.6 million deaths were due to CVD, including 9.5 million due to coronary heart disease (CHD) and 5.5 million due to cerebrovascular disease (CBD). 1 The major modifiable risk factors for CVD are hypertension, dyslipidaemia, diabetes mellitus, obesity, and smoking. 2 Low socioeconomic position and, particularly low educational attainment is a further important risk factor for CVD. [3] [4] [5] [6] A recent meta-analysis of 72 cohort studies from the USA, Europe, and Asia reported a pooled relative risk of 1.50 [95% confidence interval (CI) 1.17-1.92 ] for incident CVD events in individuals with low compared to high education. 3 Further, studies have shown that low education is associated with a poorer prognosis of CVD. 4, 5 While more CVD hazardous health-related behaviours in individuals with low education may explain part of this higher risk, 6 material and psychosocial pathways have also been suggested as mechanisms. One hypothesis is that individuals with low education are more often selected into jobs of low income and a high level of work stress. These two factors, according to meta-analyses of cohort studies, are associated with higher risk of CVD. 3, 7, 8 However, to our knowledge, no large-scale studies have examined the extent to which the association between low education and risk of CVD morbidity and mortality is attributable to low income, work stress, or the combination of low income and work stress. If it could be demonstrated that low income and work stress explain a substantial part of the low education CVD association, then interventions on low income and work stress may be considered as public health strategies for reducing the social inequality in CVD. Therefore, we quantified the extent to which the association between low education and CVD morbidity and mortality is attributable to low income and work stress in all employed individuals, aged 30-59 years, residing in Denmark in the year 2000. Using information from the comprehensive nationwide Danish registers, we ascertained education and income with individual-level data from registers and measured job strain, the most widely tested conceptualization of a work-related stressor, 9 with a job-exposure matrix. To account for changes in exposure, we updated information on exposure annually from 2000 to 2009. We hypothesized that low education predicts incident CVD among initially healthy individuals and CVD mortality among individuals with prevalent cardiometabolic disease, defined as prevalence of CHD, CBD, or diabetes at baseline. 7 We further hypothesized that income and job strain partly explain the associations. We had no a priori assumption to what extent income and job strain would explain the associations and also no assumption whether income or job strain would explain a larger proportion of the associations.
Methods

Study design and population
We used data from the JEMPAD (Job Exposure Matrix Analyses of Psychosocial Factors and Healthy Ageing in Denmark) cohort, a nationwide cohort with information on employment, psychosocial factors at work, health, and socio-demographics. The study population was drawn from the 'Integrated Database for Labour Market Research' by Statistics Denmark. 10 We included all employed individuals residing in Denmark in the year 2000, 30-59 years old with complete data on age, sex, and migration background, a total of 1 680 214 individuals. Using the unique Danish civil registration number, we linked these individuals and their information from the Integrated Database for Labour Market Research to other population-based registers providing information on socio-demographics, health services use, diagnoses for in-and out-patient hospital treatment, and causes of death. All data linkages and analyses were performed at a protected research server environment hosted by Statistics Denmark, conducted by researchers approved by Statistics Denmark. At baseline, we identified 1 638 270 individuals free of diagnosed cardiometabolic disease and 41 944 individuals with a diagnosed cardiometabolic disease.
We ascertained education, income, and covariates with individual-level data and job strain with a job-exposure matrix. All variables were assessed at baseline (year 2000) and annually updated until the end of 2009, when the job-exposure matrix for job strain could no longer be applied due to changes in the Danish job title registration system. After 2009, all variables were kept as time-invariant with their 2009 values. Outcomes were ascertained in nationwide registers from 1 January 2001 to 31 December 2014.
Education
We retrieved information on the highest completed education from the Danish education register. 11 Using the International Standard Classification of Education (ISCED), 12 we categorized participants in groups of (i) low (primary and lower secondary, ISCED level 0-2), (ii) medium (upper secondary and post-secondary, ISCED level 3-4), and (iii) high education (first and second stage tertiary, ISCED level 5 or higher).
Income
We ascertained annual disposable household income (after tax) by information from registers on personal income and transfer payments. 13 We categorized income into low, medium, and high based on tertiles of the distribution within each year.
Job strain
We ascertained job strain with a job-exposure matrix based on information from the Danish Work Environment Cohort Study (DWECS). 14, 15 We measured psychological demands at work and job control and defined job strain as scoring above the median for demands and below the median for job control in DWECS. Using multilevel modelling, we constructed job exposure matrices from DWECS data as the predicted probability of job strain given job group [coded according to DISCO-88, the Danish version of the International Standard Classification of Occupations (ISCO)-88 system], sex, age, and year of data collection (2000, 2005) and assigned these predicted probabilities to the individuals of the JEMPAD cohort. We categorized individuals into groups with low, medium, and high job strain risk based on tertile split of the distribution within each year. Individuals not employed, for example due to unemployment or retirement, were assigned to a separate category of 'Not applicable (NA) job strain' during years outside employment. See Supplementary material online, e-Appendix 1, for a more detailed description of DWECS and the construction of the job-exposure matrix, including the wording of the psychological demands and job control items (Supplementary material online, Table S1) .
Education, income, job strain, and CVD
Prevalent cardiometabolic disease
Prevalent cardiometabolic disease was defined as diagnoses of either CHD, CBD, or diabetes from 1977 (when information first became available in Danish registers) 16 until 31 December 2000. Eligible codes were ICD-8 codes 410-414 (CHD), 430-438 (CBD), and 249-250 (diabetes) and ICD-10 codes I20-I25 (CHD), I60-I69 (CBD), and E10-E11 (diabetes). ICD-9 was never used in Denmark.
Incident cardiovascular disease
We ascertained incident CVD, CHD, and CBD by diagnoses from the Danish National Patient Register 16 and the Danish Register of Causes of Death 17 from 1 January 2001 to 31 December 2014. Incident CVD was defined as either incident CHD, including fatal CHD (ICD-10 codes I20-I25) or non-fatal myocardial infarction (I21, I22) or incident CBD, including fatal CBD (I60-I69) or non-fatal stroke (I60, I61, I63, I64).
Mortality
Using the Danish Register of Causes of Death, 17 we identified all-cause mortality, CVD mortality (ICD-10 codes I20-I25 and I60-I69), and non-CVD mortality, defined as mortality due to all other causes than CVD.
Covariates
As covariates, we included age, migration background, and family type, because they might be associated with both educational attainment and risk of CVD. We further included health services use as an indicator for health status, including undiagnosed prevalent CVD. All covariates were updated annually from 2000 to 2009, with the exception of migration background that was kept time-invariant based on the measure in 2000.
For migration background, we used the classification of Statistics Denmark's population register, distinguishing between (i) individuals without migration background, (ii) immigrants, and (iii) descendants of immigrants. Information on family type was retrieved by combining information from the Population Register and the Family Relation Register at Statistics Denmark and categorized into six groups combining marital/cohabitation status and living with or without children at home (see Table 1 for details). We obtained information on use of health services, provided by primary health care professionals, such as general practitioners, from the Danish National Health Service Register 18 and categorized the number of health services used into deciles based on the distribution within each year.
Statistical analysis
All analyses were conducted using SAS 9.4 using proc phreg applying robust sandwich variance estimates to account for clustering by the repeated measures at the individual level, and stratified by sex. We fitted four models. In Model 1, estimates were adjusted for age, migration background, family type, and health services use. In subsequent models, the estimates were further adjusted for income (Model 2), job strain (Model 3), and income and job strain (Model 4). We calculated the percentage of excess risk (hazard) explained by income and job strain using the formula (HR1-HR2)/(HR1-1)*100, 19, 20 where HR1 is the hazard ratio (HR) of Model 1 and HR2 is the HR of either Model 2, Model 3, or Model 4, depending on which model was compared to Model 1.
To indicate missing values, we added a category 'missing value' to the variables education, income, and family type. All other variables were complete. Percentage of missing values was low at baseline, ranging from 1.0% (for education among women without prevalent cardiometabolic disease) to 12. 1% (for family type among women without prevalent cardiometabolic disease). See Table 1 for details.
Incident cardiovascular disease among individuals without prevalent cardiometabolic disease
Participants were followed from 1 January 2001 to the first CVD event or censoring due to emigration from Denmark, non-CVD death, or end of follow-up (31 December 2014), whichever came first. Using Cox proportional hazards models with calendar time as the underlying time axis, we calculated HRs and 95% CIs for the association between education and incident CVD. Education, income, and job strain were treated as timevarying variables using a 1-year time lag between their ascertainment and the ascertainment of the outcome. For example, education ascertained in the year 2000 (year t) was used to predict CVD in the year 2001 (year t þ 1). After 2009, all time-varying variables were kept time-invariant, based on their 2009 values. We repeated all analyses with CHD and CBD as separate events. To avoid censoring on a competing risks outcome, we did not censor for CBD in the CHD analyses and vice versa, thus the same individuals could become cases both in the CHD and CBD analyses.
Of the covariates, age and family type were treated as time-varying variables including measurements from the same year as education. Health services use was treated as time-varying measured the year before education, to account for pre-existing ill-health. Migration background was used as time-invariant based on the year 2000 data.
Mortality among individuals with prevalent cardiometabolic disease
Participants were followed from 1 January 2001 until all-cause mortality, CVD mortality, or non-CVD mortality. We censored due to emigration from Denmark, non-CVD mortality (in analyses on CVD mortality), CVD mortality (in analyses on non-CVD mortality), or end of follow-up (31 December 2014), whichever came first. Using Cox proportional hazards regression models with calendar time as the underlying time axis we calculated HRs and 95% CI for the association of education with all-cause mortality, CVD mortality, and non-CVD mortality.
Similar to the analyses on incident CVD, education was treated as a time-varying variable, using a 1-year time lag between ascertainment of education and outcome. Covariates were also treated similarly as in the analyses on incident CVD.
Supplementary analyses
We conducted three supplementary analyses. First, we repeated Model 4 on incident CVD while censoring cases during the first year of follow-up, to examine whether results might have been biased by undetected prevalent CVD at baseline. Second, we repeated Model 4 on incident CVD and CVD mortality separately for women aged < _50 and >50 years to examine if associations were affected by menopausal status. Third, we repeated the analyses while excluding participants with missing values on education, income, or family type to examine if the missing variable indicator approach may have biased the results.
Results
Characteristics of the study population at baseline Table 1 shows the baseline characteristics of the study population in the year 2000, separately for 1 638 270 participants without prevalent cardiometabolic disease and 41 944 participants with prevalent cardiometabolic disease. Among participants without prevalent cardiometabolic disease, the proportions of men
(51.1%) and women (48.9%) were similar. The mean age was about 44 years, most had a medium-level education and were married or cohabiting without children at home. The mean yearly number of health services used was 11.8 and 19.7 for men and women, respectively. Participants with prevalent cardiometabolic disease were, as expected, more likely to be men and of older age and used more health services compared to participants without prevalent cardiometabolic disease.
Education and incident cardiovascular disease among individuals without prevalent cardiometabolic disease
Among men, during 10 957 399 person-years, we identified 51 585 cases of incident CVD (47 per 10 000 person-years), including 27 624 CHD cases (25 per 10 000 person-years) and 25 858 CBD cases (23 per 10 000 person-years). Among women, during 10 776 516 person-years, we identified 24 075 cases of incident CVD 
(22 per 10 000 person-years), including 8300 CHD cases (8 per 10 000 person-years) and 16 326 CBD cases (15 per 10 000 personyears). Figure 1 and Table 2 show the estimates for the association between education and incident CVD, CHD, and CBD in men.
Compared to high education, medium, and low education was associated with a higher risk of incident CVD in a dose-response fashion in all models. The HR for CVD associated with low education was 1.62 (95% CI 1.58-1.66, Model 1) before and 1.46 (95% CI 1.42-1.50, Model 4) after adjustment for income and job strain, a 25% reduction. 
The reduction was larger after adjustment for income (23%) than after the adjustment for job strain (10%). Results were similar for CHD and CBD.
The HR of incident CVD for low vs. high income and high vs. low job strain were 1.33 (95% CI 1.29-1.37) and 1.01 (95% CI 0.98-1.03), respectively (Model 4, not shown in Table 2 ). Table 3 for an explanation of the models. CBD, cerebrovascular disease; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PY, person-years. Figure 2 and Table 3 show the corresponding estimates for women. As in men, medium, and low education was associated with a higher risk of incident CVD in a dose-response fashion in all models. The HR for CVD associated with low education was 1.66 (95% CI 1.61-1.72, Model 1) before and 1.53 (95% CI 1.47-1.58, Model 4) after adjustment for income and job strain, a 21% reduction. The reduction was larger after the adjustment for income (16%) than after the adjustment for job strain (10%). Results were similar for CHD and CBD.
The HR of incident CVD for low vs. high income and high vs. low job strain were 1.29 (95% CI 1.24-1.34) and 1.01 (95% CI 0.97-1.06), respectively (Model 4, not shown in Table 3 ).
Education and mortality among individuals with prevalent cardiometabolic disease
Among men with prevalent CVD, during 362 234 person-years, 5022 deaths occurred (139 per 10 000 person-years), 1736 due to CVD (48 per 10 000 person-years), and 3286 due to non-CVD (91 per 10 000 person-years). Among women with prevalent CVD, during 179 402 person-years, 1346 deaths occurred (75 per 10 000 personyears), 341 due to CVD (19 per 10 000 person-years), and 1005 due to non-CVD (56 per 10 000 person-years). Figure 3 and Table 4 show the estimates for the association between education and mortality in men. Low and medium education was associated with a higher risk of CVD, non-CVD, and all-cause mortality in all models. The HR for CVD mortality in men with low education was 1.52 (95% CI 1.31-1.77, Model 1) before and 1.24 (95% CI 1.06-1.45, Model 4) after adjustment for income and job strain, a 54% reduction. The reduction was larger after adjustment for income (51%) than after adjustment for job strain (31%).
The HR of CVD mortality for low vs. high income and high vs. low job strain were 1.57 (95% CI 1.33-1.85) and 0.90 (95% CI 0.74-1.09), respectively (Model 4, not shown in Table 4 ). Figure 4 and Table 5 show the corresponding estimates for women. Low education was associated with a higher risk of CVD, non-CVD, and all-cause mortality in all models. Medium education was associated with a higher risk of CVD and all-cause mortality but not with risk of non-CVD mortality. The HR for CVD mortality in women with low education was 2.18 (95% CI 1.57-3.03, Model 1) before and 1.79 (95% CI 1.27-2.52, Model 4) after adjustment for income and job strain, a 33% reduction. The reduction was larger after adjustment for job strain (26%) than after adjustment for income (18%).
The HR of CVD mortality for low vs. high income and high vs. low job strain were 1.28 (95% CI 0.87-1.88) and 1.34 (95% CI 0.83-2.15), respectively (Model 4, not shown in Table 5 ).
Supplementary analyses
When repeating Model 4 while censoring incident CVD cases during the first year of follow-up, results were similar to the results in the main analyses (Supplementary material online, e-Appendix 2, Table S2 ).
When repeating Model 4 separately for women aged < _50 and >50 years, results of the two groups were similar (Supplementary material online, e-Appendix 2, Table S3 ).
When excluding participants with missing values on education, income, or family type instead of using a missing value indicator, results were similar to the main analyses (data available upon request).
Discussion
In the Danish workforce, low education was associated with higher risk of incident CVD and, among those already diagnosed with cardiometabolic disease, higher risk of mortality due to CVD. In men with cardiometabolic disease, material and psychosocial factors, such as income and job strain, explained half of the higher CVD mortality among individuals with low educational attainment. In men without cardiometabolic disease and in women with and without cardiometabolic disease, these factors explained between 21% and 33% of the higher CVD morbidity and mortality risk among those with low educational attainment.
Comparison with previous research studies
To our knowledge, this register-based study is the first one that examined the association between education and both CVD incidence and mortality in a cohort that included all employees, aged 30-59 years, of a national workforce. Mackenbach et al. 21 previously reported associations between low education and CVD mortality in 22 European countries, based on national registers but did not examine morbidity and did not account for changes in exposures and covariates over time.
The present study is, to our knowledge, also the first nationwide study to examine the extent to which the association between low education and CVD morbidity and mortality is reduced by accounting for low income and work stress. Huisman et al. 22 previously reported in a study of 5775 employees from the southern parts of the Netherlands that the association between low education and risk of myocardial infarction was slightly reduced after adjustment for work stress. Measures of income were not available in that study.
Our study confirms that low education is an important predictor of CVD 3, 6 and adds new knowledge that this contribution is partly explained by income and job strain. Our study is the largest study to date on the contribution of low education to the prognosis of individuals with a cardiometabolic disease. That education is a stronger predictor of CVD mortality in women than in men with cardiometabolic disease is, to our knowledge, a novel finding.
Strengths and limitations
Strengths of the study are the large cohort, including all employees in Denmark in the age group 30-59, the use of annually updated exposure and covariate measurements from population registers and the follow-up in nationwide health registers leading to minimal attrition and avoidance of reporting bias. We accounted for changes over time regarding CVD prevalence and treatment by using calendar time as the time axis.
We used the percentage of excess risk explained measure to estimate to what extent the association between education and the outcome was explained by income and job strain. 19, 20 This is an estimation of the mediated proportion based on comparing the total effect and the controlled direct effect, a method assuming no
interaction between exposure and mediator on the outcome. 23 As methods for mediation analyses are rapidly developing, 24 alternative approaches may have yielded different results. However, as no common best practice for these alternative approaches have been established yet, 24 we adhered to the percentage of excess risk explained measure as this approach is common practice 25 and has frequently been used in analyses on social inequalities in health. 26, 27 The generalization of the study results is limited to the examined age groups (30-59 years at baseline, 44-73 years at end of follow-up) and to the Danish context and we cannot rule out that associations might have been different in different age groups or countries. Further, reverse causation is in principal possible, if undetected prevalent CVD had impacted educational attainment. However, since level of educational attainment is usually determined in adolescence and Table 4 for an explanation of the models. CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PY, person-years.
Education, income, job strain, and CVD 
young adulthood, i.e. at an age when prevalent CVD is very rare, we regard reverse causation as unlikely.
Our data lacked information about biological (e.g., blood pressure, blood lipid profile) and behavioural (e.g., smoking, diet) CVD risk factors.
As it is unlikely that these risk factors had impacted educational attainment, it appears improbable that these risk factors could have confounded the association between education and CVD. However, data on these risk factors may have provided us with greater insight into the mechanisms and pathways linking education, income, and job strain with CVD. Results from a recent Mendelian randomization study suggest that 
Figure 4
Association between education and mortality in women after 14-year follow-up. See Table 5 for an explanation of the models. CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PY, person-years.
smoking, body mass index, and blood lipid profile are important pathways linking educational level with risk of CVD. 6 Information on biological and behavioural risk factors would have allowed us to examine what extent of the remaining association between education and CVD in our study, which was not explained by income and job strain, was explained by these risk factors and what extent remained unexplained. Information on these risk factors would have also allowed us to analyse their role in the pathways linking income and job strain with CVD. Although job strain is the most commonly used measure of a work-related stressor in epidemiological studies, our study would have benefited from a more comprehensive assessment, as other work-related stressors may also contribute to risk of CVD. 8 Take home figure Association between low compared to high education and cardiovascular disease and cardiovascular death after 14-year follow-up. Association between educational attainment and cardiovascular disease and cardiovascular death after 14-year follow-up in men and women without and with cardiometabolic disease with % excess risk explained by income and job strain. HR (95% CI) for low compared to high educational attainment adjusted for age, migration background, family type, and health services use in Step 1 and further adjusted for income and job strain in Step 2. CI, confidence interval; HR, hazard ratio.
Public health implications
The results of this study support the statement in the '2016 European Guidelines on CVD prevention in clinical practice' by the European Society of Cardiology (ESC) that 'low socio-economic status [. . .] contribute to the risk of developing CVD and a worse prognosis of CVD'. 28 We demonstrated that the association between low education and CVD was attenuated after adjustment for income and job strain. This attenuation was particularly pronounced for CVD mortality in men with prevalent cardiometabolic disease, as low income and job strain together explained 54% of the association between education and CVD mortality. From a tertiary prevention perspective, this is an encouraging result. Educational attainment is usually determined relatively early in the life, and it seems difficult to improve the level of education in middle-aged adults with cardiometabolic disease. In this population, improvement of disposable income, e.g., through taxation or social transfer payments, and reduction of job strain, e.g., through changes in work organization, are likely more amenable to change than educational level.
Conclusion
Low education predicted risk of incident CVD in initially healthy men and women and risk of CVD mortality in men and women with prevalent cardiometabolic disease in this nationwide cohort study of the Danish workforce. These associations were partly explained by income and job strain. In men with cardiometabolic disease, income and job strain explained half of the higher CVD mortality risk among individuals with low educational attainment.
